Reoviruses form a common antigenic group of icosahedral particles which measure approximately 750 A and contain RNA.'-3 The host range of reoviruses among mammals and mammalian cultured cells is extensive and includes L strain mouse cells.4 Reoviruses appeared to possess the unique, hitherto unexplained property of aggregating within large inclusions which develop as a continuous band around the nucleus.2 5 Within such inclusions, Tournier and Plissier6 demonstrated the presence of long hollow structures similar to the tubules of the mitotic apparatus. Spindle tubules are present frequently in the vicinity of nuclei, and grouped around the centrioles of cells at interphase. This study was undertaken to test the possibility that infection by reovirus elicits the formation of perinuclear inclusions because this virus develops in association with the spindle.
Reoviruses form a common antigenic group of icosahedral particles which measure approximately 750 A and contain RNA.'-3 The host range of reoviruses among mammals and mammalian cultured cells is extensive and includes L strain mouse cells. 4 Reoviruses appeared to possess the unique, hitherto unexplained property of aggregating within large inclusions which develop as a continuous band around the nucleus.2 5 Within such inclusions, Tournier and Plissier6 demonstrated the presence of long hollow structures similar to the tubules of the mitotic apparatus. Spindle tubules are present frequently in the vicinity of nuclei, and grouped around the centrioles of cells at interphase. This study was undertaken to test the possibility that infection by reovirus elicits the formation of perinuclear inclusions because this virus develops in association with the spindle.
Materials and Methods.-Procedures for infecting cells, sampling, and virus assays: The source of the strain L2 cells and of reovirus type 3 (Dearing strain) and the techniques for the propagation of both have been described previously.3 7 Before use, virus lysates were frozen and thawed at least five tines to release cell-associated particles. Partial synchrony of infection was obtained by mixing 5 X 106 -107 cells/ml with virus suspensions at an input multiplicity of 4-8 PFU per cell, and by agitating the mixture continuously for 2 hr at 370 to promote rapid adsorption.
After removing unadsorbed virus by two cycles of washing and low-speed centrifugation, the infected cells were diluted to a concentration of 2 X 106/ml with warm nutrient medium and allowed to incubate in suspension. At desired intervals samples were removed for virus assays, determination of the mitotic index, and electron microscopy. Concentration of infectious particles was assayed as in Gomatos et al. 3 The mitotic index: Approximately 106 cells were removed in 5 ml samples, centrifuged into pellets at 800 q for 2 min, and resuspended in 0.1 ml of nutrient medium. One droplet of the thick cell suspension was mixed on a microscope slide with a droplet of stain solution (2% aceto-orcein in 40% acetic acid) and covered by a cover slip. The ensuing intense staining of chromatin facilitated the counting of cells in mitosis, in interphase, or with abnormal chromatin configurations.
Electron microscopy: Pellets containing 3-5 X 106 cells were fixed for 3 min in freshly prepared solution of 1% glutaraldehyde (cf. Sabatini et al. 8) randomly oriented with respect to one another. In cells undergoing division., the spindle tubules were arranged in bundles (Figs. 1-3 ). Centrioles present ill the centrosphere zone at interphase, or at the poles during mitosis, were in each case a focal point of assembly for the tubules which nevertheless did not come into direct contact with the walls of centrioles. In cells at mitosis, the tubules traversed the space between the chromosomes and the polarized centrioles, and also formed interconnections between poles. In the zone of the asters, spindle tubules radiated from centrioles and terminated in the cytoplasm at a distance of about 1 ,(4.
It was ascertained from a preliminary survey that the morphological features of interest arising from infection of L cells with reovirus occurred frequently and could be discerned clearly 12 hr after inoculation. For this reason, samples taken at this particular time were intensively studied. Neither the disposition nor the fine structure of spindle tubules appeared to be affected by the infection. In many instances, however, the tubules were either partially or completely surrounded by a coat of dense material (Figs. 5A , 5B, and 7), and virus particles were often found either embedded in, or in close apposition to, this coating substance. In extreme cases, almost the entire mitotic spindle was permeated by the dense substance and associated virus (Figs. 4 and 6) . When examined at higher resolution, especially in oblique and cross sections of tubules, the dense coat was about 200 A thick (Figs. 6A and 6B) and consisted of closely packed, fine, coiled filaments and granules (or cross sections of filaments) with a maximum diameter of about 25 A. Both at interphase and during division, inclusions containing virus particles were not restricted to the vicinity of the spindle apparatus but were scattered throughout the cytoplasm. In the centrosphere region they consisted of spindle tubules, coating substance, and aggregates of virus particles, and appeared dispersed and irregular in outline. In the rest of the cytoplasm. the-inclusions were more discrete and compact, contained dense substance with interspersed virus aggregates, and only occasionally segments of spindle tubules.
Although frequent and characteristic, the association with spindle tubules did not appear obligatory for virus development. This was tested experimentally by using a mitotic inhibitor, namely, colchicine (Eli Lilly Co.) which arrests division at metaphase. Exposure to colchicine ( 1 X 10-7 W/V) for 6-8 hr resulted in the disappearance of spindle tubules in dividing and interphase L cells. Viral inclusions continued to develop but only compact, intracytoplasmic forms were encountered (Fig. 8) . The results were the same when the drug was added to the cultures 8 hr prior to infection or at the time of virus inoculation. In both cases the inhibitor was maintained throughout virus development.
Morphological observations suggested that about equal numbers of virus particles were present in the untreated and colchicine-treated cells. This was supported by assays of infectious virus, as shown in the table. Decrease in titer at 2-6 hr pdstinoculation showed that virus was still in eclipse at 6 hr. At 12 hr there was a 40-to 90-fold increase in titer, equal in amount in the presence and absence of colchicine. The preferential association of reovirus with spindle tubules does not appear to be directly responsible for certain mitotic disturbances observed during virus multiplication. The mitotic index was determined at intervals following infection to obtain information about the comparative rates of division in the infecte& and uninfected cultures. As shown in Figure 9 , the mitotic rate dropped after manipulation of the cultures. In the controls it gradually rose to a plateau in 10 hr, whereas in infected cultures it rose abruptly by 6 hr and reached a maximum, threefold higher than in the controls at the termination of the 12-hr experiment. It 3 5, 6 in such cells spindle tubules are also situated around the nucleus. However, ability of reovirus to multiply in sites other than those where tubules occur and in cells in which tubules have been destroyed by colchicine shows that a direct association between the virus and spindle tubules is not obligatory. In such cases, pools of unidentified precursor material of the spindle might still exist and provide sites for development of reovirus.
The fuzzy dense material coating spindle tubules has not been described previously (cf. ref. 6 ) and appears to be connected directly with the infection.
The nature of this coating substance, whose thickness (200 A) is comparable to that of the viral capsid, is unknown and must await identification by immunochemical procedures at the electron microscopic level. A recent study using light microscopy has demonstrated the presence of reovirus antigen in the general region of the mitotic apparatus in mammalian cells.", 118 Unfortunately, differentiation by light microscopy between antigen of the viral capsid and any which might occur in the tubulecoating substance is not possible. Similarity in dimensions and density of the finely textured material in the coat and viral capsid indicates that viral protein may be present in the fuzzy coating substance.
Increase of the mitotic index above that of the controls 6 hr after inoculation suggests that initially L cells harboring reovirus still in its eclipse phase are stimulated to enter mitosis more rapidly than uninfected cells. Appearance of abnormal mitoses in progressively increasing numbers 10-12 hr after inoculation indicates, however, that during rapid multiplication of reovirus L cells are unable to complete successfully the mitotic sequence, Although it is tempting to ascribe this 
